Introduction
This paper is the second in a 3-part series focusing on missing data.
In a clinical study missing data can occur for various reasons, with or without any actual loss of study participants because of drop-outs. Poorly designed assessment schedules or use of inefficient data collection tools can result in missed visits or omissions of questions and, thus, missing data. Some simple adjustments in the assessment schedule or minor modifications in the data collection tools can reduce these types of problems and, at the same time, reduce participants' burden and inconvenience. If implemented properly, an efficient missing data monitoring system can retrospectively salvage the majority of the missing data items except those that are the result of the drop-out of participants. The effectiveness of such a monitoring system depends on how quickly the missing data items are identified and how promptly participating site personnel are notified of the need to provide missing information.
Prevention of missing data during data collection
During the conduct of a clinical study missing data can occur because of the actions or lack of actions by both the study participants and the research personnel. A common cause of missing data is excessively burdensome requirements on participants which lead to decreased willingness to participate fully or to attempts by participants to short-circuit data collection by providing incomplete information. [1] It is important to understand the reasons for missing data in a particular study before deciding on the measures that can be put in place to prevent them. The main reasons for missing data in clinical studies can be classified into the three broad categories listed below. a) Data missing because of participant action or inaction:
i. discontinue study investigational intervention but staying on the study;
ii. drop-out from the study; iii. miss some scheduled clinical assessments because of inadequate compensation, unnecessarily excessive number of visits, inconvenient timing, long travel times, and so forth; iv. refusal to undergo some required study procedures; v. refusal to provide data in face-to-face interview or in self-completion questionnaire because participant considers the information too sensitive; and vi. unintentionally missing items on long selfcompletion questionnaires.
b) Missing data because of investigator action or inaction:
i. failure to fully explain the full extent of the requirements of the study to participants; ii. failure to effectively encourage the active participation of participants in the study procedures; iii. asking leading questions that limit the likelihood that participants respond fully; and iv. insufficient oversight of self-completion instruments to ensure that questionnaires are satisfactorily completed. c) Missing data because of study design: i. each assessment or clinical intervention is too long for participants to sustain attention; ii. more assessment visits are scheduled than needed to test the study hypothesis; iii. unnecessary information is collected; iv. self-completion questionnaire are not fully understood by all participants because of complicated or confusing language; v. questionnaires have complicated skip patterns; and vi. insufficient resources are available to collect the required information (staff time, private clinic space, parking for participants, etc.).
Most of these problems can be addressed by relatively simple alterations to the design of the study and to the instruments and procedures used to collect data. Developing a formal operational plan for data collection based on the assessment schedule for the study can help minimize missing data.
Improvement in study design and implementation that will reduce missing data
Every study should be designed with the objective of complete data collection in mind. Experience from previous studies should be used to identify the design issues that could potentially result in missed visits and other types of missing data. Study participants most often miss evaluation or treatment visits because the time, location, and/or frequency of visits are inconvenient, or because the evaluations themselves are physically or psychologically stressful. To maximize participation rates, steps need to be taken to decrease the inconvenience and burden of the study procedures: a) design a 'lean' study, that is, limit the number of assessments to the minimum needed to achieve the study objective; b) consolidate instruments with overlapping questions by merging or lumping assessments to make them more efficient and less timeconsuming to administer; c) minimize the number of in-person clinic visits by supplementing in-person visits with telephone surveys, e-mail messaging, and use of data on the individual available in hospital databases; d) allow reasonable time for each visit and have flexible scheduling based on participant availability; e) compensate well for the time and effort demanded from each participant; f) in long-term follow-up studies provide increasing incentives to the participants for longer retention in the study; g) selectively collaborative with investigators and research sites that have a track record of faithfully following the research protocol and of high study-completion rates.
Improve data-collection instruments to minimize missing data
Missing data can also occur because of poorly designed questionnaires and data-collection instruments. All instruments used in the study should be made as user-friendly as possible for the respondent, the interviewer, and the data entry personnel. [2] Language on self-completion forms needs to be simple and unambiguous. If respondents enter code numbers for different responses, all possible non-overlapping choices should be provided on the form, as close as feasible to the respective item. The flow of questions should be logical and instructions should be clear and in simple language. The amount of information collected needs to be minimized to limit the length of the forms without compromising the data needed to achieve the goals of a study. 'Lean' data collection limits data points to those that will be directly used in the assessment of outcomes. For electronic forms, particularly for those with internal skips, automatic hiding or unhiding of questions should be used to eliminate respondent confusion about which questions need to be answered and to simplify dataentry. Pop-up messages to remind users to complete certain sections on an electronic form can also eliminate the unintentional omissions of questions.
Wherever possible researchers should record the reasons for dropping out of the study. It is also possible to collect information about respondent's intention to continue participating in the study (e.g., stated intention of attending next clinic visit and, if not planning to attend, reasons for not doing so). This information is important when determining appropriate statistical methods to use for treating missing data (i.e., can it be considered missing at random (MAR)?) and can provide useful covariates to be used in missing data models.
Use of modern data capturing technologies, within the scope of organizational IT regulations, can greatly decrease missing data. In-person clinic visits can be burdensome for study participants. If the participants are equipped with PDAs, tablets or other data recording instruments capable of electronic data collection and of generating reminders and alerts, the requirements for inperson visits can be dramatically reduced. Participants can stay at home or at work to do the assessments using the electronic device and bring the devices back to the clinic for data transfer during their next planned visit.
The following measures can help to maximize the completeness and accuracy of electronic data collection: a) use simple, short questions and options with built-in data checks (e.g., range checks for numeric variables) for each data point; b) require completion of ALL items so that omissions are only accepted if questions about the reasons for the omission are answered; c) enable off-line completion of the data collection module (i.e., without internet connection) and temporary storage of data in the device prior to synchronization with the master database.
Role of study personnel in minimizing missing data
Missing data in a study is directly dependent on retention of the participants for the duration of the study and on their commitment to complete all the procedures specified in the study. Site investigators and other supporting site personnel play a major role in maximizing participant retention in the study and in highlighting the importance of completing the protocol. The following are some of the measures that site personnel can implement to minimize drop-outs and missing data. a) Study participants often lose interest in the study over time so study staff need to emphasize the importance of completing the study protocol when obtaining consent to participate in the study and repeatedly highlight the importance of their continued participation at every clinic visit.
b) Create a welcoming and caring atmosphere for the participants and their family membersthe entire study staff must be trained to treat participants with respect and to create an atmosphere where they can feel comfortable.
c) Offer appropriate alternate treatment to participants who need to discontinue the study treatment for any reason. Participants need to believe that study staff consider participants' healthcare needs a higher priority than the study itself.
d) Keep in touch (e.g., by telephone contacts) with the participants in between the in-person visits -periodic update of contact information, well being and other health issues helps to develop a bond between the study personnel and the study participants.
e) Be flexible, within the allowable time window, in scheduling in-person visits, and provide transportation and child care facilities if the participant needs them. This shows that study personnel are appreciative of difficulties participants need to overcome to participate in the study.
f) Continue on going educational efforts highlighting the importance of sustained engagement with the study to help move scientific knowledge in the disease area forward. These efforts help participants feel that their contribution is important and encourages them identify with the study's needs and objectives.
Managing missing data
One of the core data management tasks in a study is to monitor the data collection and the quality of the collected data. It is common practice to run data checking programs to identify missing data items along with other data quality indicators throughout the course of the study. The objective of these quality control procedures is to capture the missing data items or missing forms very early in the process so that the majority of these missing items can be salvaged. In general, data checking programs are run regularly over the span of the study and they are shared with the participating study sites to speed up the turnaround time for making necessary corrections. For multicenter studies, a data coordinating center should be established. Sites are encouraged to make an honest effort to salvage identified missing data items if it is allowed by the study informed consent. In order to provide sites enough time to react to these reports and before they lose the participants (either by completion of the study protocol or drop-out), the study management team needs to process incoming data as quickly as possible and to generate these missing-data reports at regular intervals. 
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